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(57) Abstract: The severity of a crash is discriminated from a measure

of relative motion of first (16) and second (18) elements of a vehicle

(12), wherein an initial time (to) is recorded when a variable point

(56) in the associated phase space (54) of relative velocity (44.2) and

relative displacement (46.2) crosses a first threshold boundary (60),

and a safety restraint actuator (36) is actuated if a subsequent time (t)

when the variable point (56) crosses a second threshold boundary (62)

is within threshold period following the initial time (t©). In accordance

with another aspect, a type of impacting object is discriminated from

a first measure of relative motion at a first location (20.1), and a crash

severity is discriminated from a second measure of relative motion at a

second location (20.2), wherein the relative motion at the first location

(20.1) i§ unipolar for one type of crash and bipolar for another, and the

relative modon at the second location (20.2) is unipolar for both types

of crashes. The second threshold boundary (62) can be responsive

to discrimination of the type of impacting object by the first relative

motion sensor (14.1).
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CRASH SENSING SYSTEM

TECHNICAL ART

The instant invention generally relates to crash sensing and more particularly to a

system and method for sensing crash type, crash severity or both crash type and crash

5 severity.

BACKGROUND OF THE INVENTION

A vehicle may contain automatic safety restraint actuators that are activated

responsive to a vehicle crash for purposes of mitigating occupant injury. Examples of such

automatic safety restraint actuators include air bags, seat belt pretensioners, and deployable

10 knee bolsters. One objective of an automatic restraint system is to mitigate occupant injury,

thereby not causing more injury with the automatic restraint system than would be caused

by the crash had the automatic restraint system not been activated. Generally, it is desirable

to only activate automatic safety restraint actuators when needed to mitigate injury because

of the expense of replacing the associated components of the safety restraint system, and

15 because of the potential for such activations to harm occupants. This is particularly true of

air bag restraint systems, wherein occupants too close to the air bag at the time of

deployment - i.e. out-of-position occupants - are vulnerable to injury or death from the

deploying air bag even when the associated vehicle crash is relatively mild. For example,

unbelted occupants subjected to severe pre-impact braking are particularly vulnerable to

20 being out-of-position at the time of deployment! Moreover, occupants who are of small

stature or with weak constitution, such as children, small adults or people with frail bones

are particularly vulnerable to injury induced by the air bag inflator. Furthermore, infants

properly secured in a normally positioned rear facing infant seat (RFIS) in proximity to a

front seat passenger-side air bag are also vulnerable to injury or death from the deploying

25 air bag because of the close proximity of the infant seat's rear surface to the air bag inflator

module.

Frontal air bag systerhs are presently mandated for protecting front seat occupants

of a motor vehicle from injury resulting from crashes with a substantial frontal component,

e.g. full, offset, or oblique frontal crashes. Side impact airbag systems have also been

30 developed for protecting occupants in side impact crashes.

1-
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Generally speaking, there are known vehicle crash detection systems which attempt

to detect side impacts using accelerometers mounted on the B-pillar, the rocker panel, the

reinforcing beam, or some other location on or near the door of the vehicle. Other known

systems use contact switches, or sense pressure changes within the door. Some distributed

5 sensing systems have also been proposed.

These systems have not proven entirely satisfactory. More specifically, signals

received by accelerometers and contact switches vary greatly depending on the location,

magnitude and direction of impact. These arrangements only provide localized

acceleration and velocity information, which does not necessarily reflect what is happening

10 away from their mounting point. For example, a 15 mph pole impact (a typical airbag

deployment scenario) which occurs at the sensor mounting location can induce a relatively

large amplitude signal which initiates a proper air bag deployment, while one that occurs a

foot or two away may give sensor signals having significantly lower amplitude thereby

resulting in non-deployment of the air bag. This makes it very difficult to discriminate

15 "fire" conditions from "no fire" situations in many cases. Moreover, these systems do not

generally distinguish crash objects nor do they provide for different firing thresholds for

different crash objects, as is necessary for best occupant protection.

Systems for sensing relative motion without contact therebetween can have

problems with the clarity and reliability of the resulting signal. For example, magnetic

20 sensing systems that are responsive to three-dimensional relative motion and to other

factors may not be suited for making a one dimensional relative motion measurement.

Algorithms for processing signals from air bag crash sensors are generally designed

based upon car to car type impacts and protecting chest and pelvic body regions of

occupant. However, certain crash types, like pole impacts, produce signals similar to non-

25 crash cases but may result in to serious head injuries. To address this problem, crash

algorithm improvements are necessary to distinguish these situations and adjust airbag

firing decisions in timely manner to enhance occupant head protection.

SUMMARY OF THE INVENTION

The instant invention overcomes the above-noted problems by providing a system

30 that measures the relative motion between a door edge and a proximal point on an adjacent

door pillar and uses a measure of the lateral component of relative motion to discriminate a

MSDOCID: <WO 01369e3A2„L>
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side impact crash for purposes of controlling the activation of an associated safely restraint

system. The type of object impacting the vehicle and the severity of the impact can be

classified depending upon the motion component in the lateral (side impact) direction of

door edge relative to adjoining pillar edge at a location, for example above the door striker-

5 latch, where different types of impacting objects cause different types of relative motion. A

second relative motion sensor, also for sensing the motion of the door edge relative to a

proximal point on the adjacent door pillar, is located where the relative motion, while

similar for different objects, is responsive to the severity of the impact. The relative

motion sensors are located so that the lateral component of motion measured therefrom

10 provides a signal suitable for classifying the type of object impacting the vehicle and the

severity of the impact to the vehicle. Either one or both relative motion sensors may be

incorporated in a side impact crash sensing system for sensing either object type, crash

severity, or both.

A type of object is discriminated from the polarity of the relative motion signal

15 from a first relative motion sensor, preferably located above the door striker-latch, wherein

the relative motion is generally unipolar for a pole crash, and is generally bipolar for

crashes involving barrier type objects, such as the front end of an impacting car.

A crash severity is discriminated in phase space by comparing a point in the space

of relative velocity and relative displacement for the second relative motion sensor,

20 preferably located below the door striker-latch proximate to the door reinforcing beam,

with threshold curves for various object types, wherein different types of objects have

associated different thresholds for activating the associated safety restraint system, the

different thresholds being related to the susceptibility of an occupant to injury by the crash.

In accordance with one aspect, the crash sensing system comprises both first and

25 second relative motion sensors for discriminating both a type of object and a crash severity.

In accordance with one embodiment of the first aspect, a threshold boundary for triggering

a safety restraint system responsive to the crash severity discriminated by the second

relative motion sensor is adapted response to the type of object discriminated by the first

relative motion sensor. In accordance with a second aspect aspect, the crash sensing

30 system comprises a relative motion sensor for discriminating a type of object. In

3DOCI0: <WO ^0136983A2_I_>
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accordance with a third aspect, the crash sensing system comprises a relative motion sensor

for discriminating a crash severity.

The relative motion between the door edge and the door pillar is preferably sensed

along one-dimension, for example by a bar code relative motion sensor that incorporates a

5 light beam to illuminate the bar code, for example a laser beam, and an optical detector to

detect the position of the light beam along the bar code. The bar code relative motion

sensor provides for a stable, one-dimensional measurement of motion in the direction of

side impact that can be used by the sensing algorithm. The discrimination measures are

based on the relative displacement, or a combination of the relative displacement and the

10 relative velocity. In general, in terms of signal processing, the velocity is more stable than

the acceleration, and the displacement is more stable than the velocity. The signal from the

bar code relative motion sensor is clear, and is unaffected by surrounding magnetic or

electric fields.

The instant invention provides for a means of detecting both the type of impacting

15 object and the severity of the associated impact. An associated crash detection algorithm

provides for improved control of the associated safety restraint system as a function a crash

severity level that is dependent upon object type. This improves the safety of occupants

that are protected by the safety restraint system by reducing the risk of injury from

unnecessary deployments of the safety restraint system and from crashes for which the

20 occupant would benefit from the deployment of the safety restraint system.

These and other objects, features, and advantages of the instant invention will be

more fully understood after reading the following detailed description of the preferred

embodiment with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

25 In the accompanying drawings:

FIG. 1 illustrates an example of a side-view of a vehicle incorporating the instant

invention;

FIG. 2a illustrates for various crashes the associated relative velocity signals from

a first relative motion sensor;

-4-
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FIG. 2b illustrates for various crashes the associated relative displacement signals

from the first relative motion sensor;

FIG. 3a illustrates for various crashes the associated relative velocity signals from

a second relative motion sensor;

5 FIG. 3b illustrates for various crashes the associated relative displacement signals

from the second relative motion sensor;

FIG. 4 illustrates for various crashes the discrimination of object type from the

relative displacement signal of the first relative motion sensor;

FIG. 5 illustrates for various crashes the discrimination of crash severity using a

10 measure in phase space from a second relative motion sensor;

FIG. 6a illustrates a flow chart of a first example of a method of sensing a vehicle

crash;

FIG. 6b illustrates a flow chart of a second example of a method of sensing a

vehicle crash;

15 FIG. 7a illustrates a first exemplary bar code fomiat;

FIG. 7b illustrates a second exemplary bar code format;

FIG. 8 illustrates a first bar code relative motion sensing system that operates on

light reflected by a bar code;

FIG. 9 illustrates a first bar code relative motion sensing system that operates on

20 light transmitted through a bar code;

FIG. 10 illustrates a force-deflection characteristic of a side door in a vehicle;

FIG. 11 illustrates a vehicle side door geometry in accordance with Fig. 10; and

FIG. 12 illustrates the geometry of an impacting vehicle impacting an impacted

vehicle 12.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S^

Referring to Fig. 1, a crash sensing system 10 operatively coupled to a vehicle 12

incorporates at least one relative motion sensor 14 to measure a relative motion of a first

element 16 of the vehicle 12 with respect to a second element 18 of the vehicle 12

proximate to a location 20 of the measurement. For example, in a side-impact crash

JSDOCID: <WO_01369e3A2_l_>
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sensing system 10, the first 16 and second 18 elements comprise, for example, a vehicle

door 22 and a fixed portion 24 of the vehicle 12 proximate thereto, for example a pillar

26. wherein the relative motion sensor 14 measures the relative motion of respective

points or locations on the door edge 28 and the adjoining pillar edge 30. The vehicle 12

has a longitudinal axis 32 along the front-to-rear direction and a lateral axis 34 along the

side-to-side direction, and is equipped with a side-impact safety restraint system 36 for

mitigating injury to an occupant from a side-impact crash. The at least one relative motion

sensor 14 is operatively connected to a signal processor 38 ~ powered by a source of

power 39 - that controls the safety restraint system 36 responsive to the discrimination

of a crash from at least one signal 40 from the at least one relative motion sensor 14.

In accordance with one aspect, the crash sensing system 10 comprises first 14.1

and second 14.2 relative motion sensors located so as to measure the relative motion of

first 16 and second 18 elements of the vehicle 12 at distinct respective first 20.1 and

second 20.2 locations.

Referring to Figs. 2a and 2b, for a side-impact crash sensing system 10, the first

relative motion sensor 14.1 at an appropriate first location 20.1 above the striker-latch

42 of the vehicle door 22 provides a first signal 40.1 having different types of responses

to different types of crashes, from which type of response an associated type of crash may

be distinguished. For example, a broad bumper/barrier impact may be distinguished from

concentrated pole loading with respect to tlie relative velocity 44.1 and relative

displacement 46.1 in the lateral direction, wherein a broad bumper/barrier impact

generally involves a contact with a lower portion of the vehicle door 22 and a pole impact

generally involves a contact along the side of the vehicle door 22 extending up to roof line.

As illustrated in Figs. 2a and 2b, at some point in time the direction of relative motion of

the door edge 28 relative to a proximal portion of the associated pillar edge 30 responsive

to a barrier crash is opposite to that of a pole crash at a location above the striker-latch 42.

Responsive to a barrier crash, the door edge below the striker-latch 42 moves in the

direction of the barrier impact ~ i.e. away from the barrier ~ and the door edge above the

striker-latch 42 initially moves in the same direction but then moves in an opposite

direction as the inward deformation ofthe door below the striker-latch 42 causes a portion

of the door above die striker-latch 42 to move outward responsive to a rotation of the door

about the striker-latch 42. Responsive to a pole crash involving a central or upper portion

OI36ee3A2J_>
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of the door, the pole causes the entire door — above and below the striker-latch 42 — to

move in the direction of barrier impact relative to the door frame 48, as the door wraps

around the pole. The particular location to sense the reversal of relative movement

responsive to a barrier crash for a given vehicle 12 depends on the associated structural

details and door attachments of the vehicle 12, and upon the gap between the pillar 26 and

the door edge 28 for hardware packaging.

Generally, for a side-impact crash sensing system 10, the first relative motion

sensor 14.1 is located within a zone above the striker-latch 42 within which the

associated lateral motion signal exhibits a different direction (or polarity) for different

types of crashes. The location of the first relative motion sensor 14.1 relative to the

striker-latch 42 can affect the time needed to sense a crash, wherein the crash sensing time

generally increases with increasing distance. Accordingly, the first relative motion

sensor 14.1 would be mounted sufficiently far from the striker-latch 42 so as to provide a

signal from which the type of crash can be discriminated, and sufficiently close so as to

provide for relatively fast crash sensing, wherein the actual distance is dependent upon the

structural characteristics of the vehicle.

The first relative motion sensor 14.1 may be constructed and operated in

accordance with various sensing technologies, including but not limited to bar code

sensing, magnetic induction sensing, or other optical, mechanical or electronic relative

motion sensing technologies, as known to one or ordinary skill in the art, including the

measurement of relative motion by calculating displacement from acceleration

measurements at separate locations — by integrating the separate acceleration

measurements - and calculating the relative motion from the difference of the respective

calculated displacements.

Referring to Figs. 3a and 3b, for a side-impact crash sensing system 10, the

second relative motion sensor 14.2 at an appropriate second location 20,2 below the

striker-latch 42 of the vehicle door 22 provides a second signal 40.2 having a similar

type of response for different types of crashes. For example the motion at an appropriate

location below the striker-latch 42 is responsive in a similar way or direction to both pole

and barrier crashes. The second signal 40.2 provides information from which the

associated crash severity may be detected, for example from a measure that is dependent

upon either the relative velocity 44.2 - illustrated in Fig. 4a ~ or the relative

-7-
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displacement 46.2 -- illustrated in Fig. 4b, -- or both. The best or useful, particular

second location 20.2, or associated range of possible locations, is generally dependent

upon the structural characteristics of the vehicle 12, and is preferably close to a door

reinforcement beam 50 below the striker-latch 42, which helps to transfer force to the

5 second location 20.2 so as to cause an associated relative motion that results in a clear and

reliable signal.

The second relative motion sensor 14.2 may be constructed and operated in

accordance with various sensing technologies, including but not limited to bar code sensing

or oilier optical, mechanical or electronic relative motion sensing technologies capable of

10 measuring a one-dimensional component of three-dimensional motion, as known to one or

ordinary skill in the art, including the measurement of relative motion by calculating

displacement from acceleration measurements at separate locations ~ by integrating the

separate acceleration measurements - and calculating the relative motion from the

difference of the respective calculated displacements..

,5 The first 14.1 and second 14.2 relative motion sensors are operatively connected

to a signal processor 38 by which a discrimination algorithm discriminates the type of

crash from the first signal 40.1, and discriminates the severity of the crash from the

second signal 40.2.

Referring to Fig. 4, one example of an associated crash type discrimination

20 algorithm, a relative displacement 46.1 measurement from the first relative motion

sensor 14.1 is compared with respective thresholds in both the positive and negative

directions of relative motion, wherein the particular threshold values are dependent upon

the characteristics of the particular vehicle 12. In the example of Fig. 4 for a side-impact

crash, if the relative displacement 46.1 is greater than the positive threshold, then the

25 crash type is assumed to be a pole crash; whereas if the relative displacement 46.1 is less

than the negative threshold, then the crash type is assumed to be a barrier crash.

Referring to Fig. 5, in one example of an associated crash severity discrimination

algorithm, the relative motion measurement from the second relative motion sensor 14.2

is discriminated in the 2-D phase space 54 having coordinates of relative velocity 44.2

30 and relative displacement 46.2. A variable point 56 in this phase space 54 given by the

coordinates of relative velocity 44.2 and relative displacement 46.2 as measured by the

second relative motion sensor 14.2 generally moves along a trajectory 58 in phase space

SDCXIO: <WO_0t36983A2J_>
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54 with respect to time. The time at which the variable point 56 crosses a first threshold

boundary 60 is stored as a first time to. If the trajectory 58 subsequently crosses a

second threshold boundary 62 within a period of time since the first time that is less than

a threshold, then the safety restraint system 36 is activated. Generally, the second

5 threshold boundary 62 is dependent upon the crash type discriminated from the first

signal 40.1. For example. Fig. 5 illustrates two particular crash-type dependent second

threshold boundaries 62.1, 62.2 having different associated velocity thresholds, one of

the second threshold boundaries 62.1 corresponding to a pole crash and the other of

second threshold boundaries 62.2 corresponding to a barrier crash, wherein it is assumed

10 that a discrimination threshold to activate the safety restraint system 36 responsive to a

pole impact is lower than that responsive to a barrier impact for the equivalent occupant

injury severity level. The specific locations of the particular second threshold boundaries

62.1, 62.2 are dependent upon the structural characteristics of the particular vehicle 12.

As an example of one embodiment, a side-impact crash sensing system 10 can be

15 implemented as a distributed sensor system comprising associated principal 64 and

satellite 66 sensors, wherein the first relative motion sensor 14.1 for sensing the crash

type (i.e. the type of impacting object, e.g. barrier or pole) acts as the satellite sensor 66

and the second relative motion sensor 14.2 for sensing crash severity acts as the

principal sensor 64, wherein the principal sensor 64 fiirther incorporates a signal

20 processor 38 for processing the respective first 40 and second 48 signals from the first

14.1 and second 14.2 relative motion sensors. The principal 64 and satellite 66 sensors

can be developed separately, and then integrated into the distributed sensor system.

Referring to Figs. 6a and 6b, the satellite sensor detects the type of object which

determines which crash severity threshold curve to use in discriminating the crash, and the

25 principal sensor detects a measure of crash severity and compares this with the crash object

dependent crash severity threshold, wherein when the measure of crash severity exceeds

the. crash object dependent crash severity, the associated side air bag safety restraint system

is activated (fired).

Referring to Fig. 6a, in accordance with a first example of a method of

30 discriminating a crash, in step (602), the second relative motion sensor 14.2 generates a

second signal 40.2 responsive to the relative motion measured thereby of first 16 and

second 18 elements of a vehicle at a second location 20.2 for which the relative motion

-9-
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exhibits similar behavior ibr different crash types. In step (604), the second signal 40.2

provides, or is processed to provide, the associated relative velocity 44.2 and relative

displacement 46.2 of a variable point 56 in an associated phase space 54 of relative

velocity and relative displacement. If, in step (606), the variable point 56 crosses a first

5 threshold boundary 60 in the phase space 54, then in step (608) the time when the

variable point 56 crosses a first threshold boundary 60 is stored as t(». Otherwise from

step (606) the process repeats with step (602). Following step (608), in step (610). if the

variable point 56 crosses a second threshold boundary 62.2 having a relatively high

threshold level that would be appropriate responsive to a barrier crash, and if, in step (612),

10 the second threshold boundary 62.2 is crossed at a time t that is within a threshold period

following time to, then in step (614) the associated safety restraint system 36 is activated.

Otherwise from step (612) the process repeats with step (602). Otherwise from step (610).

in step (616) the first relative motion sensor 14.1 generates a first signal 40.1 responsive

to the relative motion measured thereby of first 16 and second 18 elements of a vehicle at

15 a first location 20.1 for which the relative motion exhibits different behavior for different

crash types. If, in step (618), the relative displacement 46.1 sensed by the first relative

motion sensor 14.1 is greater than a first threshold, then in step (620) a pole crash is

assumed to have been detected. Then, in step (622), if the variable point 56 crosses a

second threshold boundary 62.1 having a relatively low threshold level that would be

20 appropriate responsive to a pole crash, and if, in step (612), the second threshold

boundary 62.1 is crossed at a time t that is within a threshold period following time to,

then in step (614) the associated safety restraint system 36 is activated.

Referring to Fig. 6b, in accordance with a second example of a method of

discriminating a crash, in step (602), the second relative motion sensor 14.2 generates a

2.'5 second signal 40.2 responsive to the relative motion measured thereby of first 16 and

second 18 elements of a vehicle at a second location 20.2 for which the relative motion

exhibits similar behavior for different crash types. In step (604), the second signal 40.2

provides, or is processed to provide, the associated relative velocity 44.2 and relative

displacement 46.2 of a variable point 56 in an associated phase space 54 of relative

30 velocity and relative displacement. If, in step (606), the variable point 56 crosses a first

threshold boundary 60 in the phase space 54. then in step (608) the time when the

variable point 56 crosses a first threshold boundary 60 is stored as to. Otherwise from

-10-
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Step (606) Ihe process repeals with step (602). Following step (608), in step (611) if the

variable point 56 crosses a second threshold boundary 62, and if, in step (612), the

second threshold boundary 62 is .crossed at a time t that is within a tlireshold period

following time to, then in step (614) the associated safety restraint system 36 is activated.

Otherwise from step (611) the process repeats with step (602).

The second threshold boundary 62 used in step (611) is determined by an

independent process beginning with step (616), wherein the first relative motion sensor

14.1 generates a first signal 40.1 responsive to the relative motion measured thereby of

first 16 and second 18 elements of a vehicle at a first location 20.1 for which the relative

motion exhibits different behavior for different crash types. If, in step (618), the relative

displacement 46-1 sensed by the first relative motion sensor 14.1 is greater than a first

threshold, then in step (620) a pole crash is assumed to have been detected and in step

(621) the second threshold boundary 62 is set to a second threshold boundary 62.1

having a relatively low threshold level that would be appropriate responsive to a pole

crash. Otherwise from step (618), if, in step (624), the relative displacement 46.1 sensed

by the first relative motion sensor 14.1 is less than a second threshold, then, in step (626),

a barrier crash is assumed to have been detected and in step (627) the second threshold

boundary 62 is set to a second threshold boundary 62.2 having a relatively high

threshold level that would be appropriate responsive to a barrier crash.

In accordance with one aspect, the crash sensing system 10 uses one or more

relative motion measures that are responsive to a one-dimensional component of generally

three-dimensional motion. This one-dimensional component of relative motion may be

measured with a bar code relative motion sensor 70 that for example, uses a light beam

72 — for example, a laser beam as a source of illumination. The bar code relative

motion sensor 70 generally comprises a bar code module 74 and light beam emitter 76,

for example a laser, each attached to one of two adjoining structural components that slip

relative to each other under impact. A bar code 78 is illuminated by the light beam 72

forming a line of light 80, and the light is either transmitted or reflected - depending upon

the type of bar code module 74 — by the bar code 78 is detected by the bar code module

74 to provide a signal that indicates the position of the light beam 72 along the bar code

78.

-11-
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Referring to Fig. 7a, exhibiting a first exemplary bar code format 82.1 referred to

as type A, the bar code 78.1 comprises a reflecting or transmitting patch that is shaped so

that the amount of Hght reflected or transmitted by the bar code 78.1 is dependent upon the

location of the light beam 72 along the bar code 78.1. Accordingly, the type A bar code

5 78.1 provides an analog signal responsive to the position of the light beam 72 relative to

the bar code 78.1.

Referring to Fig. 7b, exhibiting a second exemplary bar code format 82.2 referred

to as type B, the bar code 78.2 comprises a spatially modulated reflective or transmissive

pattern, wherein either the amount of light reflected or transmitted by the bar code 78.2 is

10 dependent upon the location of the light beam 72 along the bar code 78.2, for example by

spatial pulse width modulation of the pattern as a function of the relative position of the

bar code 78.2 and the light beam 72; or the spatial modulation pattern of the light signal

along the light beam 72 in a direction transverse to the direction of relative motion

provides a digital signal that indicates the position of the light beam 72 relative to the bar

15 code 78. The pattern illustrated in Fig. 7b contains three distinct patterns that inherently

provide for object type discrimination in accordance with the crash discrimination

algorithm of the first relative motion sensor 14.1, wherein a crash is indicated if the light

beam 72 is deflected beyond the central bar code region, for example, corresponding to a

barrier type crash if the light beam 72 is deflected to a first bar code pattern 84.1 on one

20 side, and, for example, a pole type crash if the light beam 72 is deflected to a second bar

code pattern 84.2 on the other side.

Referring to Fig. 8, in a first bar code relative motion sensor 70.1, the light beam

72 from a light beam emitter 76, for example operatively coupled to one of the door edge

28 and a proximal portion of a proximate pillar 26, is reflected off the bar code 78

25 operatively coupled to the other of the proximal portion of a proximate pillar 26 and the

door edge 28, and received by an optical detector that is relatively fixed with respect to the

light beam emitter 76.

Referring to Fig. 9, in a second bar code relative motion sensor 70.2, the bar

code 78 is adapted in the form of an optical window, or bar code window 86, that is

30 interposed between a light beam emitter 76 and an associated optical detector 88,

wherein the light beam 72 emitted by the light beam emitter 76 through a second optical

window 90 is transmitted through and modulated by the bar code window 86 and is then

-12-
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received by ihe optical detector 88, whereby, for example, the bar code window 86 is

operatively coupled to one of the door edge 28 and a proximal portion of a proximate

pillar 26 and the light beam emitter 76 is operatively coupled to the other of the proximal

portion of a proximate pillar 26 and the door edge 28,

5 In either of the exemplary bar code relative motion sensors 70,1, 70,2 illustrated

in Figs. 8 and 9, the relative motion between the door edge 28 and the pillar edge 30

responsive to the crash is generally three-dimensional, whereas the bar code relative

motion sensor 70 substantially detects the component of relative motion along one

dimension.

10 Either type of bar code format 82,1, 82.2 can be incorporated in the first relative

motion sensor 14.1 described hereinabove. Along with the lateral component direction of

the relative motion of door edge 28 to pillar edge 30, the broad bumper/barrier impact

causes a change in the lateral motion direction to switch within a few milliseconds, while

the concentrated high pole impact, extending along vehicle 12 side up to the roof line,

15 doesn't cause the change in direction of lateral motion. With the type A bar code format

82.1, the relative motion is sensed from the magnitude of the detected laser signal whereas

with the type B bar code format 82.2, the relative motion is sensed from changes in the

bar density responsive to which bar code pattern is illuminated by the light beam 72. The

type A bar code format 82.1 may provide for faster object-type recognition by an

20 algorithm that is responsive to relative velocity 44 and/or relative displacement 46.

Generally, the type A bar code format 82.1 is preferred for the second relative

motion sensor 14.2, which, for example, senses the lateral component of transient relative

motion of door edge 28 relative to the pillar edge 30 responsive to side-impact and

generates a corresponding analog signal. The analog signal is processed to provide

25 measures of both the relative displacement 46 and the relative velocity 44, from which a

measure of crash severity is determined.

The bar code relative motion sensor 70 generally comprises a light beam emitter

76, an optical detector 88, an optical bar code 78, a signal processor 92, and a power

supply 94. The light beam emitter 76, bar code 78, and optical detector 88 are

30 operatively coupled to structural elements so that relative motion therebetween is measured

by the detection of corresponding relative motion of the light beam 72 from the light

beam emitter 76, relative to the optical bar code 78. Whereas the light beam 72 is
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preferably generated with a laser source, one of ordinary skill in the art will recognize that

other light sources can be used for this purpose, for example a light emitting diode (LED).

In the event of impact on one or both pieces of structure, the relative motion of light beam

72 relative to the bar code 78, detected by the optical detector 88, generates a change in

5 voltage, or signal 96, from initial value, and/or directional identification from bar code

pattern. This change in voltage is calibrated with respect to the distance and direction of

relative motion. This signal 96 is then fed to the signal processor 92, for example, a

microprocessor, and used by an algorithm to detect - depending upon the location of the

relative motion sensor -- the type of impacting object and/or the crash severity. A type of

10 object is classified based upon concentrated versus distributed load by means of relative

voltage or signal type from bar code patterns. The crash severity is measured in the phase

space 54 of relative velocity 44.2 vs. relative displacement 46.2 as determined from the

signal from the relative motion sensor.

Referring to Figs. 10 and 11, illustrating the force deflection characteristics of a

15 vehicle side door/pillar structure, a static load applied to the side door/pillar structure at a

given location causes an associated deflection, first in accordance with an elastic deflection

characteristic in the region O-A, and then in accordance with a plastic deflection

characteristic associated with buckling, in the region A-C, wherein the nature of the

deflection characteristic changes from elastic to plastic at point B on the curve. The elastic

20 deformation characteristic may for example result from the interaction of the door 22 with

rubber, or other compliant components between the door 22 and the pillar 26. as the door

moves towards the pillar 26^ The extent of the elastic region, i.e. the length of O-A, varies

with location along the height of the door 22 on the pillar 26, and is diminished proximate

to the location of the striker-latch 42.

•?5 The crash sensing system 10 is, for example, adapted to discriminate impacting

object type within the elastic region of door deflection. Responsive to a crash, the

impacted door 22, as a whole, is pushed towards the pillar 26 within the elastic zone, and

the striker moves within the latch. After the striker bottoms out against the latch, then if

the impact is from a relatively low, broad object or barrier, for example the front of a

30 striking vehicle 98 shown in Fig. 12 wherein the bumper 102 thereof first strikes the door

22 of the vehicle 12 at a level 104 that is a distance H below the striker-latch 42, the

continued offset force of impact from the object causes the door 22 to rotate about the
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boltomed-OLit striker-latch 42, which causes the top of the door 22 to move laterally

outwards from the car, away from the pillar 26, while the bottom of the door 22 continues

to move laterally inwards, towards the pillar 26. However, if the impact is from an object

that extends the height of the door 22, for example a pole, then the impacting force is

5 balanced above and below the striker-latch 42 so that the motion of the both the top and

bottom portions of the door 22 are both laterally inwards, towards the pillar 26. The door

22 moves responsive to the elastic deflection characteristic before the commencement of

buckling. Accordingly, by monitoring the relative motion during the elastic deflection

phase at a point above the striker-latch 42, the crash sensing system 10 provides for

10 relatively quick - for example within 5 milliseconds - recognition of impacting objects in

crashes that can result in injury to the occupant.

The elastic deformation characteristic of the side vehicle structure can also be

utilized to discriminate the geometry of an impacting vehicle, for example so as to

determine when a the front of a relatively large vehicle such as a pickup truck impacts the

15 side of a relatively small vehicle such as a compact passenger car. Such crashes for which

the respective vehicle sizes are incompatible, particularly when a large vehicle having a

relatively high bumper impacts a relatively small vehicle, are generally more aggressive

and can increase the severity of injuries to an occupant in the impacted vehicle 12. If the

relatively high bumper of the impacting vehicle impacts relatively close to the striker-

20 latch 42 of the relatively small impacted vehicle 12, the resulting impact resembles that of

a pole crash with respect to door rotation about the striker-latch 42 and nature of the

resulting relative displacement 46 of the door 22 with respect to the pillar 26 at locations

above the striker-latch 42. Accordingly, such a crash would be discriminated as a pole-

type crash, which is an appropriate response because both the impact from a relatively

25 large vehicle and the impact with a pole are relatively severe side-impact crash events

requiring a similar control of the side-impact air bag system to mitigate occupant injury.

The particular preferable locations of the relative motion sensors of the instant

invention are dependent upon the structural characteristics of the particular vehicle 12 upon

which the crash sensing system 10 is installed. The object type discrimination capability

30 of the system can be diminished for some door geometries relative to others, for example if

the lower portion of the door 22 is relatively thick compared with the upper portion of the

door 22, i.e if T2 measured below the striker-latch 42 is sufficiently larger than Tl
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measured above the striker-latch 42, as illustrated in Fig. 12, wherein different types of

objects, for example barrier vs. pole objects, have a lesser effect on door rotation. Another

factor that can diminish performance is if the door 22 is supported by elements, in addition

to the striker-latch 42, that might prevent or diminish door rotation responsive to barrier-

5 type impacts.

Whereas the crash sensing system 10 has been illustrated in the application of

side-impact crash detection for both distinguishing types of objects and for measuring

crash severity, one of ordinary skill in the art will recognize that the teachings herein can

be applied to other crash sensing systems for which impacts from different types of object

10 cause distinguishably different deformation characteristics for at least one location of

resulting relative motion of the structure being impacted, and the deformation characteristic

is similar for different objects and responsive to the severity of the impact for at least one

other location of resulting relative motion.

While specific embodiments have been described in detail in the foregoing detailed

15 description and illustrated in the accompanying drawings, those with ordinary skill in the

art will appreciate that various modifications and alternatives to those details could be

developed in light of the overall teachings of the disclosure. Accordingly, the particular

arrangements disclosed are meant to be illustrative only and not limiting as to the scope of

the invention, which is to be given the full breadth of the appended claims and any and all

20 equivalents thereof.
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WE CLAIM:

1. A vehicle crash sensing system, comprising a first relative motion sensor operatively

coupleable to the vehicle proximate to a first location, wherein when operatively

coupled to the vehicle, said first relative motion sensor is responsive to a first relative

motion of a first element of the vehicle with respect to a second element of the vehicle

5 proximate to said first location, said first location is adapted so that said first relative

motion proximate to said first location is unipolar for at least one type of crash, and

said first relative motion proximate to said first location is bipolar for at least another

type of crash.

2. A vehicle crash sensing system as recited in claim 1, further comprising a second

relative motion sensor operatively coupleable to the vehicle proximate to a second

location , wherein when operatively coupled to the vehicle, said second relative motion

sensor is responsive to a second relative motion of said first element of the vehicle with

5 respect to said second element of the vehicle proximate to said second location, said

second location is adapted so that said second relative motion proximate to said second

location is unipolar for both said at least one type of crash and said at least another type

of crash,

3. A vehicle crash sensing system as recited in claim 2, further comprising a processor

operatively connected to said first and second relative motion sensors, wherein said

processor discriminates a type of crash responsive to a first signal from said first

relative motion sensor, and said first signal is responsive to said first relative motion.

4. A vehicle crash sensing system as recited in claim 3, wherein said processor

discriminates a type of crash by comparison of a relative displacement of said first

relative motion with at least one first threshold.

5. A vehicle crash sensing system as recited in claim 2, further comprising a processor

operatively connected to said first and second relative motion sensors, wherein said

processor discriminates a severity of said vehicle crash responsive to a second signal

from said second relative motion sensor, wherein said second signal is responsive to

5 said second relative motion.
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6. A vehicle crash sensing system as recited in claim 5, wherein said processor

discriminates a severity of said vehicle crash by comparing a variable point in phase

space with at least one threshold boundary in said phase space, and said phase space

comprises a first coordinate of relative velocity of said second relative motion and a

second coordinate of relative displacement of said second relative motion.

7. A vehicle crash sensing system as recited in claim 6, wherein at least one said

threshold boundary is responsive to said type of crash.

8. A vehicle crash sensing system as recited in claim 6, further comprising a safety

restraint system, wherein said safety restraint system is capable of mitigating injury to

an occupant of the vehicle from a vehicle crash to which the vehicle crash sensing

system is responsive, and said processor generates a signal for controlling the actuation

of said safety restraint system responsive to said operation of comparing a variable

point in phase space with at least one threshold boundary in said phase space.

9. A vehicle crash sensing system as recited in claim 2, wherein one of said first and

second elements comprises a vehicle door, the other of said first and second elements

comprises a fixed portion of the vehicle proximate to said vehicle door, and said first

location is above a door latch of said vehicle door.

10. A vehicle crash sensing system as recited in claim 2, wherein one of said first and

second elements comprises a vehicle door, the other of said first and second elements

comprises a fixed portion of the vehicle proximate to said vehicle door, and said first

location is at or below a door latch of said vehicle door.

11. A vehicle crash sensing system as recited in claim 10, wherein said second location is

proximate to a reinforcement beam of said vehicle door.

12. A vehicle crash sensing system as recited in claim 2, wherein said second relative

motion sensor is responsive to a one-dimensional component of relative motion along a

second direction.

13. A vehicle crash sensing system as recited in claim 12, wherein said first and second

directions are substantially the same.

14. A vehicle crash sensing system as recited in claim 13, wherein said first and second

directions are substantially aligned with an anticipated direction ofthe vehicle crash.
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15. A vehicle crash sensing system as recited in claim 2, wherein at least one of said first

and second relative motion sensors comprise a bar code relative motion sensor.

16. A vehicle crash sensing system as recited in claim 15. wherein said bar code relative

motion sensor comprises:

a. a light beam operatively coupled to one of said first and second elements of the

vehicle;

5 b. a bar code operatively coupled to the other of said first and second elements of

the vehicle, wherein said bar code is illuminated by said light beam; and

c. an optical detector positioned to receive light from said light beam illuminating

said bar code.

17. A vehicle crash sensing system as recited in claim 16, wherein said bar code is

illuminated by said light beam over an area of illumination, said area of illumination is

less than a total area of said bar code, said bar code comprises combination of a first

value and a second value of an optical property, said optical property is selected from a

5 reflectance and a transmittance, and an integral of said optical property over said area

of illumination is responsive to a relative position of said area of illumination with

respect to said bar code.

18. A vehicle crash sensing system as recited in claim 17, wherein said combination of said

first and second values is adapted so that said integral varies continuously with respect

to said relative position.

19. A vehicle crash sensing system as recited in claim 17, wherein said combination of said

first and second values is adapted so that said integral is discontinuous with respect to

said relative position.

20. A method of sensing a vehicle crash, comprising:

a. measuring proximate to a first location a first relative motion of a first element of

the vehicle with respect to a second element of the vehicle proximate to said first

location, said first location is adapted so that said first relative motion proximate to

5 said first location is unipolar for at least one type of crash, and said first relative

motion proximate to said first location is bipolar for at least another type of crash;

and
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b. measuring proximate lo a second location a second relative motion of said first

'

element of the vehicle with respect to said second element of the vehicle proximate

0 to said second location, said second location is adapted so that said second relative

motion proximate to said second location is unipolar for both said at least one type

of crash and said at least another type of crash.

2 1 . A method of sensing a vehicle crash as recited in claim 20, further comprising an

operation of discriminating a type of crash from said first relative motion.

22. A method of sensing a vehicle crash as recited m claim 21, wherein said operation of

discriminating a type of crash comprises comparing a relative displacement of said first

relative motion with at least one first threshold.

23. A method of sensing a vehicle crash as recited in claim 20, further comprising an

operation discriminating a severity of said vehicle crash from said second relative

motion.

24. A method of sensing a vehicle crash as recited in claim 23, wherein said operation of

discriminating a severity of said vehicle crash comprises comparing a variable point in

phase space with at least one threshold boundary in said phase space, and said phase

space comprises a first coordinate of relative velocity of said second relative motion

5 and a second coordinate of relative displacement of said second relative motion.

25- A method of sensing a vehicle crash as recited in claim 24, wherein at least one said

threshold boundary is responsive to said type of crash.

26. A method of sensing a vehicle crash as recited in claim 24, further comprising an

operation of generating a signal for controlling the actuation of a safety restraint system

responsive to said operation of comparing a variable point in phase space with at least

one threshold boundary in said phase space.

27. A method of sensing a vehicle crash as recited in claim 26, wherein said operation of

comparing said variable point in phase space with at least one threshold boundary in

said phase space comprises:

a. comparing said variable point in phase space with a first threshold boundary in

5 phase space;
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b. Storing a first time when said variable point crosses said first threshold

boundary;

c. comparing said variable point in phase space with a second threshold boundary

in phase space;

d. comparing a time associated with said variable point with said first time; and

e. generating signal for activating said safety restraint system if said variable point

crosses said second threshold boundary and if said time associated with said

variable point exceeds said first time by less than a second threshold.

28. A method of sensing a vehicle crash as recited in claim 27, wherein said second

threshold boundary is responsive to said type of crash.

29. A method of sensing a vehicle crash as recited in claim 20, wherein one of said first

and second elements comprises a vehicle door, the other of said first and second

elements comprises a fixed portion of the vehicle proximate to said vehicle door, and

said first location is above a door latch of said vehicle door.

30. A method of sensing a vehicle crash as recited in claim 20, wherein one of said first

and second elements comprises a vehicle door, the other of said first and second

elements comprises a fixed portion of the vehicle proximate to said vehicle door, and

said first location is at or below a door latch of said vehicle door.

31. A method of sensing a vehicle crash as recited in claim 30, wherein said second

location is proximate to a reinforcement beam of said vehicle door.

32. A method of sensing a vehicle crash as recited in claim 20, wherein said second relative

motion is measured as a one-dimensional component of relative motion along a second

direction.

33. A method of sensing a vehicle crash as recited in claim 32, wherein said first and

second directions are substantially the same.

34. A method of sensing a vehicle crash as recited in claim 33, wherein said first and

second directions are substantially aligned with an anticipated direction of the vehicle

crash.
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35. A method of sensing a vehicle crash, comprising:

a. measuring a relative motion of a first element of the vehicle with respect to a

second element of the vehicle; and

b. discriminating a severity of said vehicle crash from said second relative motion,

5 wherein said operation of discriminating a severity of said vehicle crash

comprises comparing a variable point in phase space with at least one threshold

boundary in said phase space, and said phase space comprises a first coordinate

of relative velocity of said second relative motion and a second coordinate of

relative displacement of said second relative motion.

36. A method of sensing a vehicle crash as recited in claim 35, further comprising an

operation of generating a signal for controlling the actuation of a safety restraint system

responsive to said operation of comparing a variable point in phase space with at least

one threshold boundary in said phase space.

37. A method of sensing a vehicle crash as recited in claim 36, wherein said operation of

comparing said variable point in phase space with at least one threshold boundary in

said phase space comprises:

a. comparing said variable point in phase space with a first threshold boundary in

5 phase space;

b. storing a first time when said variable point crosses said first threshold

boundary;

c. comparing said variable point in phase space with a second threshold boundary

in phase space;

10 d. comparing a time associated with said variable point with said first time; and

e. generating signal for activating said safety restraint system if said variable point

crosses said second threshold boundary and if said time associated with said

variable point exceeds said first time by less than a second threshold.
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